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Current Biology 26, R641-R666, July 25, 2016 birds, but not mammals, may have a "100 mph brain". Birds have to make rapid decisions using the fl ood of information they receive during fl ight, a challenge which may have led to them evolving the ability to make decisions much more quickly than mammals. This is a fascinating idea, which it would have been good to hear more about. Recent research suggests that certain groups of birds, such as parrots and songbirds, pack double the number of neurons into their brains compared with primate brains of the same weight [1] . This allows them to have similar numbers of neurons as primate brains that are much bigger. If birds can make decisions much faster than mammals, due both to the selective pressures created by fl ight and their brains having neuronal densities that are twice those of primates, might they not have evolved very different minds to our closest relatives?
The idea of the 100 mph brain highlights a similar point to one that Emery makes in regard to the question of bird consciousness. It has been argued that animals, including birds, are conscious and so should be treated as we treat other humans. Emery argues that to imagine that birds feel exactly like people does them a disservice, because they are not people. We need to take into account their individual needs and motivations, which may be very different from our own. This argument also holds for the idea that birds are feathered apes. Like Edinger, we could be doing birds a great disservice by attributing to them the same cognitive processes as primates, just because they exhibit similar behaviours in well controlled experiments. Doing so risks missing the unique aspects of the avian mind, such as the possibility of a 100 mph brain, that have evolved to cope with behaviours that are so different from our own, such as fl ight. The idea that birds were birdbrains held back our understanding of the avian mind for over 100 years. Might the idea that birds are feathered apes not lead researchers to focus on fi nding the similarities between birds and primates and so miss some fascinating differences?
This brings us to another thoughtprovoking suggestion raised by Emery -that birds may actually be better models for understanding how human cognition evolved than our closest relatives, the great apes. This is an interesting idea: there is nothing in principle to have stopped birds evolving types of intelligence that go beyond that of primates. Thus, it may be possible to use birds to identify the selective pressures that led to the evolution of aspects of human intelligence that are not seen in the great apes. However, as with the idea of the feathered ape, this possibility hinges on birds having evolved the same type of mind as that seen in the primate lineage. We know that animals tend to convergently evolve highly similar, streamlined body plans in order to move through water effi ciently. It is far less clear whether the same types of intelligence convergently evolve in response to similar selection pressures. Testing this hypothesis is key if we are to demonstrate that birds really are feathered apes, and so can be used to uncover how human intelligence itself evolved (Figure 1) .
However, the fact that this is one of the key hypotheses currently facing the fi eld of avian cognition highlights how far we have come from Edinger's error. Far from being creatures of instinct, the evidence to date suggests birds have the potential to rival primates, and even ourselves, when it comes to intellect. Emery has brought this research together in a hugely accessible popular science book, while still maintaining the level of critical thought and intellectual novelty that one would expect from one of the leading researchers in the fi eld. If you have ever looked into the eyes of a bird and wondered about the mind behind, or thought about more esoteric questions, such as how smart velociraptors were, or how similar birdsong is to human language, this is the book for you. What turned you on to biology in the fi rst place? I read Clan of the Cave Bear in elementary school and became obsessed with human evolution (I might have been a strange child). Clan of the Cave Bear is a novel about an anatomically modern girl who is orphaned and raised by a clan of Neanderthals. This idea that multiple groups of anatomically different humans co-existed didn't fi t the relatively linear narrative of human evolution I had been taught in school, so I set out to fi nd out about it on my own, which basically meant reading a ton of books. Soon after that, I read about research scientists using molecular biological techniques, namely analysis of mitochondrial DNA, to identify the most recent common female ancestor of living humans. My parents were pushing me pretty hard to become a doctor and I thought that merging my interest in human evolution with molecular biology could be a good way to compromise and satisfy my parents. I became involved in science fairs and molecular biology workshops in high school and majored in biochemistry with a minor in physical anthropology in college.
Who were your key early infl uences? I had two amazing high school teachers who exposed me to independent research very early. I performed independent humanities research with Stephen Sullivan, studying the development of Hinduism, and independent science research with Wayne Seyfert, investigating whether frog mucus had antibiotic properties. Although these two projects were radically different, they complemented each other in that both Mr. Sullivan and Mr. Seyfert emphasized that I learn how to structure persuasive arguments and use data to effectively buttress my conclusions. In some ways, this rhetorical training was as important as the research training I received.
In college, I worked on nuclear import and export in Teri Melese's lab at Columbia University. When I fi rst discussed projects with her, she gave me the option of getting a new experimental technique up and running in the lab. This opportunity to do something unique in the lab was too tempting. I distinctly remember the feeling of triumph I experienced when the technique worked the way it was supposed to after spending so much time troubleshooting.
Ultimately, the project didn't go anywhere but Teri saw how much I loved performing research and convinced me to apply to graduate school. More importantly, she convinced me to apply to UCSF, where she had gone for graduate school, which wasn't even on my radar since I grew up on the east coast. I had spent my whole life in New York until then and the prospect of moving across the country was a bit daunting. However, with Teri's support and guidance, I became convinced that attending graduate school at UCSF was the right decision.
And what drew you to your specifi c fi eld of research? In graduate school, I studied mitotic chromosome segregation in budding yeast with Andrew Murray. However, while I appreciated the ability to use genetics in this system, the chromosome cytology was less satisfying. When I considered post-docs, I knew I wanted a system that would allow me to do both genetic and cytological analysis of chromosome behavior. I chose C. elegans and Abby Dernburg's lab for my post-doc because I essentially fell in love with the ability to visualize meiotic chromosomes.
At the outset of my post-doc, I was pretty sure that I was going to study something completely different than what I studied in graduate school. But when my post-doc project started to focus on checkpoints and cis-acting chromosomal sites, topics that were a focus in my graduate lab, I realized that my graduate training could provide unique insight into my postdoc research question. This surprising convergence is even more obvious with some of the research that has recently come out of my own lab, showing an unexpected link between some spindle checkpoint components and the regulation of meiotic synapsis. I'm pretty amazed that my scientifi c training has come so spectacularly full circle, and we are working on research questions in my lab that I was interested in as a graduate student 15 years ago.
What's your favorite experiment?
My favorite experiments are those that remind us that we actually know very little of the system we are seeking to characterize, forcing us to re-evaluate our assumptions. For example, I go over one of my favorite experiments in great detail in the graduate cell biology class I teach. In the early 1990s, cell cycle regulation was being worked out, and it was unclear whether events linked to mitotic exit (chromosome segregation, cytokinesis, etc.) were the product of cyclin degradation and the resulting inactivation of the cell cycle engine, cyclin-dependent kinase (CDK). Another hypothesis was that these events were simply coincident. In 1993, Holloway et al. distinguished between these two possibilities with a series of elegant experiments using Xenopus extracts, which can recapitulate cell cycle events in vitro. When they added a version of cyclin B that was degradable and capable of activating CDK, cell cycle events occurred normally. When they added a version of cyclin B that was non-degradable and activated CDK, chromosomes segregated despite high CDK activity levels, demonstrating chromosome segregation was not dependent on cyclin degradation and CDK inactivation and had to be regulated independently.
But then they performed an important control. Cyclin B was rendered non-degradable by deletion of its amino terminus, which included a sequence known as the destruction box that directed its degradation. If they added just this amino-terminal portion of cyclin B, with its destruction-box motif, it was degradable but could not activate CDK. You might expect the addition of this truncated protein to reproduce the results observed with the version of cyclin B that was non-degradable but could still activate CDK. After all, it would likely compete with endogenous cyclin B for degradation and delay CDK inactivation.
However, addition of the amino terminus of cyclin B arrested these extracts in metaphase with unsegregated chromosomes. Moreover, this arrest was completely dependent on the destruction-box motif, implicating this mechanism in chromosome segregation. Thus, these simple and straightforward experiments not only temporally uncoupled chromosome segregation and CDK inactivation, they also illustrated that the mechanism by which cyclin B was degraded (ubiquitination by the APC and subsequent degradation by the proteasome) controlled chromosome segregation, indicating another, unknown, substrate had to be degraded to drive chromosome segregation.
Ultimately, these experiments laid the conceptual foundation to understand how sister chromatid Since then, I've gravitated toward the micro-blogging platform Twitter, which I absolutely adore. Perhaps the greatest thing about Twitter is that I am automatically plugged into a community of scientists who are thinking deeply and critically about what it means to be a research scientist right now. The discussions are wide ranging and thoughtful: I've participated or lurked on insightful discussions about the state of publishing and peer review, the potential role of preprints in biomedical science, the responsibility of mentors toward their trainees, how graduate training needs to be modifi ed to better refl ect the reality of the scientifi c job market, and issues of diversity and inclusion in academia.
Typically, I would have had these conversations with people in my department or at scientifi c conferences, places where the attitudes and viewpoints could be fairly homogenous. But having these conversations on Twitter highlights another vital contribution that social media makes -the greater diversity of participants involved in these discussions makes them much more valuable and relevant. Almost every time I have participated or simply lurked on a Twitter discussion, I have learned something new, been forced to re-evaluate my position, or recognized that there are viewpoints that I have simply not considered when thinking about a topic. And this has made me a better research scientist, teacher and mentor in ways I would have absolutely not predicted.
Finally, Twitter provides a unique opportunity to bring my whole self to my position as a research scientist and professor. As a woman of color, I rarely see myself refl ected in the scientifi c or academic community. However, in the wider scientifi c and academic Twitter community, I can see and, more importantly, emulate women and men of color who successfully inhabit all of their identities authentically. I made the decision early on to interact on Twitter with my real name and not a pseudonym for this very reason. I completely understand the value of psuedonyms and their ability to point out issues and concerns without fear of retribution. However, I felt that one thing I could bring to the social media table was an example of someone who may not fi t the traditional idea of a successful research scientist and professor.
What's the best advice you've been given? There are two pieces of advice that have been useful for me to remember as a PI: fi rstly, know when to give up on a project. There are instances when the technology, background knowledge or expertise is simply not available to push a project forward. I keep these projects in the back of my mind, but recognize that some projects might require the right time, place or set of hands to succeed. Secondly, be prepared to defi ne success for yourself. It's often diffi cult to manage failure, especially when it happens as often as it does in science. However, being able to articulate what I fi nd valuable about being a scientist and professor has helped me maintain perspective on my failures and celebrate my accomplishments. As my husband is fond of saying, "Not every shot on goal ends up in the net."
